Paraphotobacterium marinum gen. nov., sp. nov., a member of the family Vibrionaceae, isolated from surface seawater C with optimum of 30 C, at a salinity range of 1-6 % (w/v) NaCl with optimum of 3 % and at pH 5-8 with optimum of pH 5. The full-length 16S rRNA gene sequence of strain NSCS20N07D
%, respectively. Phylogenetic analysis showed that strain NSCS20N07D
T formed a separate clade distinct from species of the genus Photobacterium and other genera within the family Vibrionaceae, indicating that strain NSCS20N07D T represented a novel genus affiliated with this family. The genome size of strain NSCS20N07D T was 2.5 Mb, which was much smaller than those of related species in the family Vibrionaceae. The predominant fatty acids were C 16 : 0 , C 17 : 0 cyclo, C 19 : 0 cyclo !8c, C 18 : 0 and summed feature 2 (C 14 : 0 3-OH/iso-C 16 : 1 I). The respiratory quinone was Q-8. The polar lipids were identified as phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and four unidentified lipids. The DNA G+C content was 30.7 mol%. Combined, these results suggest that strain NSCS20N07D T represents a novel species of a new genus, for which the name Paraphotobacterium marinum gen. nov., sp. nov. is proposed. The type strain of Paraphotobacterium marinum is NSCS20N07D T (=KCTC The family Vibrionaceae is an important taxonomic group in marine environments, with their own order Vibrionales within the class Gammaproteobacteria. Six genera have been reported in the family: Vibrio, Photobacterium, Salinivibrio, Enterovibrio, Grimontia and Aliivibrio (Gomez-Gil et al., 2014; Sawabe et al., 2013) .
A novel bacterium, designated as strain NSCS20N07D T , was isolated from surface seawater of the South China Sea during a cruise in May 2015. The 16S rRNA gene sequence of this strain showed low similarity to those of recognized members of the family Vibrionaceae, indicating that strain NSCS20N07D
T may represent a novel species of a new genus within the family Vibrionaceae of the class Gammaproteobacteria. In this study, we set out to identify the taxonomic position of strain NSCS20N07D T using a polyphasic characterization, including physiological and biochemical properties, phylogenetic analysis and genomic features.
Surface seawater was collected from the South China Sea (117 36¢ 11.76¢¢ E 19 19¢ 17 .30¢ N) at a depth of 3048 m. The surface seawater was immediately stored at À20 C with 20 % (v/v) sterile glycerol after collection and taken to our lab, and then stored at À80 C until use. An aliquot of 100 µl was spread onto marine broth 2216 (MB; Difco) and agar medium (Bacto). MB and agar were autoclaved separately to avoiding the production of hydrogen peroxide, and pooled together when cooling at below 50 C (Tanaka et al., 2014) . The plate was placed at 25 C for 3-5 days. A Abbreviations: PHB, poly-b-hydroxybutyrate.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of Paraphotobacterium marinum strain NSCS20N07D T is KU140414.
bacterial strain with small and circular colonies on the culture plate, designated as strain NSCS20N07D T , was picked and streaked for pure culture (Fig. S1 , available in the online Supplementary Material), and stored at À80 C with 20 % (v/v) glycerol.
Genomic DNA of strain NSCS20N07D
T was extracted using the Bacterial Genomic Extraction Kit (SBS) following the manufacturer's instructions. The 16S rRNA gene was amplified using universal bacterial primers Eubac27F and 1492R (Delong, 1992) using Ex Taq in a 50 µl amplification system (TaKaRa). The PCR product was detected using 1.5 % agarose gel electrophoresis. The sequence was directly determined with the primer sequence using an ABI 3730 sequencer (ThermoFisher Scientific) and ambiguous bases were removed based on the chromatography of base calling. A full-length and high-quality 16S rRNA gene sequence (1539 nt) was obtained together with the rRNA gene sequence identified from the assembled draft genome.
The closest related taxa of strain NSCS20N07D
T were identified based on searches against the nucleotide database (NCBI, http://www.ncbi.nlm.nih.gov/) and the EzBioCloud database . The 16S rRNA gene sequence of strain NSCS20N07D
T showed highest similarity with that of Photobacterium iliopiscarium ATCC 51760 T of 96.0 %, followed by Photobacterium kishitanii pjapo.1.1 T , Photobacterium phosphoreum ATCC 11040 T and Photobacterium aquimaris LC2-065 T of 96.0, 95.8 and 95.7 %, respectively. For analysis of phylogenetic relationships, the 16S rRNA gene sequences of the type strains of species of the genus Photobacterium (including 19 species showing similarities above 95.0 % as shown by EzTaxon analysis) and other genera within the family Vibrionaceae were retrieved from the EzBiocloud database. Three different phylogenetic trees were reconstructed using MEGA 6.0 (Tamura et al., 2013) with the neighbour-joining, maximum-likelihood and maximum-parsimony methods. Node support of the tree topology was evaluated using boostrapping estimation of 1000 replicates. The best substitution model K2+G+I for the maximum-likelihood tree was determined under the lowest Bayesian information criterion selection scores as the value of lnL was À6843.390 using the 24 different nucleotide substitution models.
Phylogenetic analysis indicated that strain NSCS20N07D T was affiliated with the family Vibrionaceae, and formed an independent clade with the nearest taxa of the genus Photobacterium, suggesting that this strain represents a novel species of a new genus beside the genus Photobacterium within the family Vibrionaceae (Figs. 1, S2 and S3) . Furthermore, analysis of the genetic distance based on 16S rRNA genes showed that strain NSCS20N07D
T shared 93.6-96.0 % similarity with species of the genus Photobacterium.
The draft genome of strain NSCS20N07D
T was determined using an Illumina Hiseq 2500 platform (Shanghai Majorbio Bio-Pharm Technology) according to the manufacturer's instructions. About 1 gigabase (Gb) of paired-end reads (150 bp) was retrieved. The raw reads were assembled using SPAdes version 3.6.0 with the default parameters for assembling pair-end reads of 150 bp (Bankevich et al., 2012) . Those contigs with sequence length shorter than 1000 bp were removed via a self-written python script. The genomic DNA G+C content of the contigs was determined to be 30.7 mol% after using QUAST (Gurevich et al., 2013) . High-quality draft genome sequencing data showed that the genome size of strain NSCS20N07D
T was 2.5 megabase (Mb), which was much smaller than the closest relative in the genus Photobacterium, P. phosphoreum ANT220 (5.1 Mb) and six other Photobacterium species present in the EzGenome Database (http://www.ezbiocloud.net/ezgenome) ( Table 1) , and also other members of the family Vibrionaceae (Table 2) . Moreover, the number of rRNAs (four) and tRNAs (36) identified in the draft genome was fewer than for P. phosphoreum ANT220 and other Photobacterium species (Table 1 ), indicating that strain NSCS20N07D
T was a member of a new genus distinct from the genus Photobacterium.
The morphology of bacterial cells was observed using transmission electron microscopy after negative staining (TEM-1230; JEOL) . A large number of granules were present in the cell (Fig. S4 ). To identify whether these were poly-bhydroxybutyrate (PHB) granules, Nile blue A staining was applied according to a previous study (Ostle & Holt, 1982) and observed using fluorescence microscopy (Leica DM6000 B; Leica Microsystems). The cells produced fluorescence at an excitation wavelength of 460 nm (Fig.  S5) , indicating that the granules inside the cell were indeed PHB.
Substrate hydrolysis of Tween 20, Tween 80, starch, agar, skimmed milk, chitin and cellulose was tested on marine agar (MA) plates and determined based on whether there was a transparent zone directly or after flooding with the corresponding substrate colouring agents. The results indicated no degradation of the above substrates. Growth temperature was determined at 5, 10, 15, 25, 28, 30, 35, 45 and 60 C. The optimal salinity was determined using the basic medium Luria-Bertani broth supplemented with 0, 0.5, 1, 2 and 3 % (w/v) NaCl, and using MB supplemented with 4, 5, 6, 7, 8, 9, 10, 12, 15, 18 and 20 % (w/v) NaCl. The optimal pH was tested in MB medium ranging from pH 3 to 11 at intervals of 1 pH unit, adjusted with citrate/ phosphate buffer (pH 3-7), Tris/HCl buffer (pH 8-9) and sodium carbonate/sodium bicarbonate buffer (pH 10-11). The results showed this strain can grow at 15-35 C with optimum of 30 C, at a salinity range of 1-6 % (w/v) NaCl with optimal salinity of 3 %, and pH range 5-8 with optimum of pH 5. To test whether it was able to grow under anaerobic conditions, strain NSCS20N07D
T was inoculated into anaerobic MB medium containing L-cysteine HCl at 0.5 g l -1 and 10 mM NaNO 3 bubbled with nitrogen. Resazurin was added as an anaerobic indicator. Basic MB medium was used as a control. The results showed that strain NSCS20N07D
T was unable to grow under anaerobic conditions. 
The isoprenoid quinone of strain NSCS20N07D
T was determined using reversed-phase HPLC as described by Komagata & Suzuki (1987) . The ubiquinone system detected in strain NSCS20N07D
T was solely Q-8. Q-8 has also been found predominantly or solely in all members of the genus Photobacterium (Lo et al., 2014; Nogi et al., 1998) .
For analysis of cellular fatty acids, strain NSCS20N07D T was cultured in MB at 28 C, 150 r.p.m. for 24 h. Cells were collected after centrifigation at 5000 r.p.m. for 10 min. The cellular fatty acids were extracted from the cells and identified following the standard MIDI protocol (Sherlock Microbial Identification System, version 6B). The predominant fatty acids of strain NSCS20N07D T were C 16 : 0 (46.1 %), C 17 : 0 cyclo (11.1 %), C 19 : 0 cyclo !8c (10.9 %), C 18 : 0 (5.6 %) and summed feature 2 (C 14 : 0 3-OH/iso-C 16 : 1 I) (5.4 %). The major fatty acid (C 16 : 0 ) of strain NSCS20N07D T was different from that for species within the genus Photobacterium (Kim et al., 2010; Lo et al., 2014; Nogi et al., 1998; Yoshizawa et al., 2009) . Detailed fatty acid compositions are given in Table 3 . Polar lipids were extracted using a chloroform/methanol system and analysed using one-and two-dimensional TLC using Merck silica gel 60 F254 aluminium-backed thin-layer plates. Total lipids were detected by spraying the plate with 10 % ethanolic molybdophosphoric acid, aminolipids with ninhydrin reagent, glycolipids with a-naphthol/sulphuric reagent combined with anisaldehyde and phospholipids with molybdenum blue. The polar lipids were identified as phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and four unidentified lipids (Fig. S6) . Diphosphatidylglycerol was absent from strain NSCS20N07D T , whereas it was present for some species in the genera Aliivibrio, Vibrio, Grimontia and Salinivibrio.
Physiological activities and biochemical features were tested using API 20NE, API 20E and API ZYM kits according to the manufacturer's instructions (bioM erieux). Strain NSCS20N07D T was cultured on MA plates, and bacterial suspensions prepared by using sterile seawater were used to inoculate into API 20NE, API 20E and API ZYM test strips. Test strips were cultured at 28 C to determine the physiological properties (Table 4) .
Strain NSCS20N07D
T was phylogenetically related to but distinct from species within the genus Photobacterium (93.6-96.0 % 16S rRNA gene sequence similarity) and other genera within the family Vibrionaceae. The genome size of strain NSCS20N07D T was 2.5 Mb, which was much smaller than that of the closest related Photobacterium species (Table 1) and other genera in the family Vibrionaceae ( Table 2 ). The predominant fatty acid was C 16 : 0 (46.1 %), in contrast to data for species within the other genera (Table 3) . Thus, strain 
NSCS20N07D
T is considered to represent a novel species of a new genus affiliated with the family Vibrionaceae, order Vibrionales, class Gammaproteobacteria, for which the name Paraphotobacterium marinum gen. nov., sp. nov. is proposed.
Description of Paraphotobacterium gen. nov.
Paraphotobacterium (Pa.ra.pho.to.bac.te¢ri.um. Gr. prep. para beside; N.L. neut. n. Photobacterium a bacterial genus name; N.L. neut. n. Paraphotobacterium beside Photobacterium).
Cells are Gram-stain-negative, aerobic and non-flagellated. Colonies on MA are small and circular, and are not luminescent. Oxidase is negative. PHB granules are produced inside cells. The predominant fatty acid is C 16 : 0 . Nitrate is reduced to nitrite. Utilizes D-glucose. The ubiquinone system is Q-8. The genome size is much smaller than for other genera in the family Vibrionaceae (Table 3 ). The type species is Paraphotobacterium marinum.
Description of Paraphotobacterium marinum sp. nov.
Paraphotobacterium marinum (ma.ri'num. L. neut. adj. marinum of the sea, the source of isolation of the type strain).
Colonies cultured on MA for 2-3 days at 28 C are small and circular (0.4 mm in diameter). Cells are 2 µm long and 0.9 µm wide; non-flagellated as observed using transmission electron microscopy after negative staining. Cannot degrade Tween 20, Tween 80, starch, agar, skimmed milk, chitin or cellulose. Growth occurs at 15-35 C with optimum of 30 C, with 1-6 % (w/v) NaCl with optimal salinity of 3 %, and at pH 5-8 with optimum of pH 5. Positive for alkaline phosphatase, esterase (C4), leucine arylamidase and acid phosphatase, and weakly positive for esterase lipase (C8), lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin and naphthol-AS-BI-phosphohydrolase. Negative for a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and b-fucosidase. Acid is produced from glucose and mannitol. Does not produce bgalactosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease, tryptophan deaminase, or gelatinase. Negative for fermentation of inositol, sorbitol rhamnose, sucrose, melibiose, amygdalin and arabinose. 
